Hepatocellular carcinoma (HCC) is increasingly considered an issue of global importance. Its rates of incidence and mortality have been markedly increasing over the last decades. Among risk factors, some should be highlighted, namely the infections by hepatitis B and C virus, as well as clinical cases of cirrhosis. HCC is characterized as asymptomatic disease in the initial stages which most often leads to a late diagnosis. At molecular and genetic level HCC represents a highly complex tumor entity, including a wide variety of mutations, thus accounting for different mechanisms of resistance towards therapeutic approaches. In particular, mutations of the TP53 gene, as well as a deregulation between the expression of pro-and anti-apoptotic proteins of the BCL-2 family are observed. Regarding treatment modalities, surgical procedures offer the best chance of cure, however, due to a late diagnosis, most of concerned patients cannot be subjected to them. Chemotherapy and radiotherapy are also ineffective, and currently, the treatment with sorafenib is the most commonly used systemic therapy although it can only increase the patient survival for some months. In this sense, a quick and accurate investigation is of utmost importance in order to develop ways of early diagnosis as well as new therapies for HCC.
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The HCC risk of incidence is 2-7 times higher in men than in women, varying according to the region of the globe. There are three main reasons that lead to this difference in incidence according to gender. First, males are in general more commonly exposed to hepatitis virus and liver carcinogenic elements, such as tobacco and alcohol consumption. Second, women appear to have a lower predisposition towards developing HCC, once estrogen might have the effect of suppressing inflammation mediated by interleukin 6, which reduces hepatic damage and compensatory proliferation. Furthermore, in man, it is known that testosterone can induce an increase in androgen receptor signaling, which in turn promotes HCC cells proliferation. 7, 11, 14 The main risk factors for developing this type of cancer are HBV and HCV infection followed by alcoholism and smoking. In Africa and Asia in particular, the ingestion of foods containing mycotoxins, specifically aflatoxin B (AFB1) has to be taken into account. Moreover, hepatic cirrhosis, related to both, chronic alcohol ingestion and HBV, as well as HCV, is equally considered representing one of the main risk factors for HCC development. It is considered that approximately 80% of patients with HCC develop cirrhosis before the emergence of the tumor. 15 The differences in incidence rates of HCC in different regions of the world are a reflection of the geographical distribution of risk factors for this type of cancer. It is noted that countries with high prevalence of infection by HBV and HCV are those that have higher incidence rates of HCC. In agreement with these data is the fact that approximately 75% of HCC cases are due to chronic infections by these viruses. 4, 7 Among the risk factors HBV infection is highlighted as the most common cause of HCC. More than half of the population diagnosed with HCC is infected with HBV. 16 HBV belongs to the family of hepadnaviruses and is capable of integrating the human genome, which can activate proto-oncogenes or suppressing cell regulatory genes, allowing the hepatocytes to enter into processes which lead to malignant transformation. 4, 17 However, it is known that the risk of developing HCC in patients suffering from hepatitis B differs according to ethnicity. African and Asian individuals develop HCC during adult age and not always associated with cirrhosis, while Caucasians develop liver tumors at a later age, usually after a period of progressive liver cirrhosis. This disparity can be explained by both genetic variations between ethnic groups, and through the age difference that populations have at the time of HBV infection. 7 From the HCCs originated by HBV, 70% to 90% arise in cirrhotic patients. However, this virus is also considered the leading cause of cirrhosis in the absence of HCC. 11 HCV infection is also a major risk factor for HCC development. Nevertheless, due to the scarcity of long-term data, the probability of virus-infected people to develop HCC is currently still difficult to determine, representing an estimated 1% to 3% after 30 years. HCV also promotes the development of fibrosis and eventually cirrhosis which increases the risk of HCC development. 18 Some studies also indicate that people co-infected with HIV and HBV or HCV may develop liver diseases, such as cirrhosis or HCC in a much faster way than without viral co-infections. 4, 16, 19, 20 Apart from infections with hepatitis viruses, it is also known that food contamination with AFB1 represents a major risk factor for HCC development. Furthermore, it is now known that AFB1 can act in synergy with HBV in the pathogenesis of this type of tumor. AFB1 induces DNA mutations, particularly in codon 249 of TP53 with mitigation of its tumor suppressor function. In Asian and African regions, efforts have been developed to eliminate the food exposure to this toxin. 7, 17 There are others risk factors which, although having a smaller role, contribute to HCC development. Among these are diabetes mellitus, nonalcoholic steatohepatitis and dietary factors, such as chronic alcohol ingestion, which often lead to cirrhosis, representing an important risk factor by itself. 19, 21, 22 Obesity also appears to contribute to the development of this neoplasia either isolated or in synergy with the related diabetes mellitus constituting a risk factor. However, the molecular mechanism by which obesity and/or diabetes mellitus induce the HCC development is not yet fully characterized. Nevertheless, it is known that the hepatic inflammation arising from cases of diabetes and/or cirrhosis induces oxidative stress and lipid peroxidation, which in turn leads to hepatic fibrosis and eventually cirrhosis, which may constitute a mechanism of HCC development in patients suffering from those pathologies. More recently, some studies have shown the existence of a synergistic interaction between alcohol, diabetes, and viral hepatitis which induce severe consequences in HCC development. 7, 23 Finally, it is also known that there are some genetic and metabolic diseases such as hemochromatosis, Wilson's disease, porphyria and 1-antitrypsin deficiency which can be risk factors for the HCC development. 24 
Molecular and genetic alterations
At the genetic level HCC cells are described as having significant changes in a variety of chromosomes. Until now several mutations in different genes that are reflected in the proteins encoded by them, have been found. Among the proteins involved there are to highlight the P53, 9 15, 26, 27 and cyclin D1. 15 Of the genes commonly mutated and consequent proteins abnormally expressed in HCC cells one of particular importance is the TP53 gene ( Figure 1 ) and its corresponding protein, the P53. 31, 32 In addition to the mutations in specific genes, there are also several signaling pathways and molecular mechanisms involved in HCC development. These include the mechanisms that regulate cell proliferation and survival, angiogenic factors produced by tumor cells, receptors of oncogenes, as well as growth factors and their receptors. Among these different mechanisms the over-expression of epidermal growth factor (EGF) (Figure 1 ) with a possible stimulation of receptor tyrosine kinase is noteworthy. In turn, this stimulation keeps the receptor active, thereby stimulating the transduction of the cell membrane information to the nucleus. There are other mechanisms and second messengers that are involved in the HCC development, conducting molecules and transmitting signals from the cell surface to the nucleus. One of these pathways is the MAPK pathway (Figure 1 through the RAS protein. This protein is activated by the binding action of a growth factor to membrane receptors subsequently undergoing autophosphorylation, which allows it to transmit the signal through activation of other components of this signaling pathway such as ERK1, RAF and MEK ( Figure 1) . 15, 33, 34 Angiogenesis also has a very active role in HCC development, as it is involved in the stimulation of cell proliferation. HCC is a highly vascularized tumor, and the vascular endothelial growth factor (VEGF) is widely expressed and particularly active in this type of cancer ( Figure 1 ). In addition, there is a close connection between tumor angiogenesis and the referred MAPK pathway, since the number of receptors required for this signaling cascade increases in response to angiogenesis, contributing to differentiation, regulation of cell proliferation and tumor survival. 15, 33, 34 Deregulation between survival and cell death in hepatocellular carcinoma
Apoptosis is a fundamental process in carcinogenesis and in response to anti-cancer treatment. In this regard, it can be noted that deficiencies in the apoptosis activation have been correlated with the development and progression of liver tumors. 35 P53 has a key role in this process. It is known that among the most common molecular changes observed in HCC are mutations in the TP53 gene and in the P53 protein. 31, 32, 35, 36 Under normal conditions, P53 is present in the cells in low concentrations but transcriptional activation of this protein may occur in response to various stimuli including DNA damages, hypoxia or deregulated cell cycle progression. P53 protein has several important biological functions including the maintenance of the cell cycle, repair of DNA damage, the balance between cell proliferation and apoptosis, the response to cellular stress and inhibition of angiogenesis. 35, 36 Furthermore, the cell cycle regulation is one of the P53 main functions. For stabilizing the genome, P53 can act either directly or indirectly. In a direct form, this protein is able to induce cell cycle arrest in the G1 phase which can be reversible and beneficial to cells re-integration, due to that fact that, in response to damage, such as chemical mutagenic action, P53 can induce apoptosis or promote DNA repair contributing to the genomic stability. Indirectly, P53 can act as a transcriptional activator of several genes inducing the expression and/or activation of the corresponding proteins, which in turn have different cellular functions. Among them TP21 should be noted (Figure 2 ). The P21 protein is able to inhibit the growth of a wide variety of cells including tumor cells, since P21 inhibits the cyclin-dependent kinases action which are required for the conduct of the cell cycle. In addition to TP21, several other genes are P53 targets in this context, such as the cyclin G and 14th-3-3s. 37, 38 Meanwhile, there are also genes capable of inhibiting P53, in particular MDM2, the main regulator of P53 which is amplified in approximately 7% of all human cancers. The MDM2 and P53 are regulated by a feedback mechanism (Figure 2 ). On one hand, the MDM2 gene promotes the phosphorylated degradation of P53, thus inhibiting its function as a transcriptional activator, on the other hand, the P53 has the ability to activate MDM2 protein. 37, 39 It should also be noted that P53 has a major role in the activation of signaling pathways leading to apoptosis. However, in addition to P53, a large number of target genes of this protein are involved in these signaling pathways, where the pro-apoptotic protein BAX is found, which is able to form heterodimers together with BCL-2 in order to maintain homeostasis. P53 has the ability to induce the expression of BAX ( Figure 2 ) and therefore activating the intrinsic apoptosis pathway. 36 Furthermore, it is known that the cells that present P53 mutated, a recurring fact on HCC, generally have a longer life and are more resistant to chemotherapy and radiotherapy. 25, 40 However, although it is known that mutations in the TP53 gene are common in HCC, and that altered expression of P53 can be linked to tumor progression, advanced tumor grade, survival and response to therapy, little is known about how mutations in TP53 gene correlate with HCC recurrence. 38 With regard to therapy, it is known that most drugs used in chemotherapy require the action of P53 to induce apoptosis, and thus, tumors with low or mutated expression of this protein are generally resistant to chemotherapy, which is one of the main mechanisms which explain the low efficiency of conventional chemotherapy in HCC. 41 The majority of genetic modifications observed in HCC induce an imbalance between the expression of pro and anti-apoptotic proteins of BCL-2 family, which could be correlated with changes in the TP53 gene expression. It is known, that the expression of anti-apoptotic members of this family, such as BCL-XL and MCL-1 is increased in a large percentage of HCCs. In contrast, the expression of some pro-apoptotic members of this family, such as BAX and BCL-XS is decreased in HCCs that express a modified P53. 35, [41] [42] [43] [44] Some studies also revealed that in about 90% of advanced cases, HCCs exhibit high expression levels of XIAP, a well-known inhibitor of caspases. 35 In this way, XIAP over-expression can offer resistance to the evasion of apoptosis in HCC. Additionally, survivin, representing another member of inhibitors of the apoptosis family, is over-expressed in certain HCC cell lines and tissues. Apparently, survivin appears to have an important role in the cancer progression by inhibiting apoptosis and also promoting cell proliferation. In this context, some studies indicate that this molecule can be correlated with a poor prognosis and a high risk of recurrence. 35, 41, 45 There are also many other factors that lead to the high resistance of HCC to apoptosis. The disruption in the TGF-b signaling pathway, which induces deregulation of apoptosis, is equally noteworthy. It is now confirmed that the TGF-b expression is increased in a large proportion of patients with HCC, however, some results indicate that this over-expression may play a dual role in the control of apoptosis either in hepatocytes or in HCC, in other words, on one hand, TGF-b induces cell death, but otherwise can activate anti-apoptotic stimuli. 41, 46 Apparently, in HCC cells the effect of anti-apoptotic stimuli activation through this mechanism seems to be active, contributing to tumor pro- [page 50]
[Oncology Reviews 2016; 10:302] gression and consequent invasion. 35, 41, 46 Apoptosis resistance presented HCC is also mediated by different receptors of death. Through the expression of FAS and FAS ligand it is possible to predict HCC recurrence. It is also known that the cFLIP, an intracellular inhibitor of caspase 8 activation, is constitutively expressed in human HCC cell lines and shows increased levels in tumor and non-tumor liver tissues, offering, in this way resistance to the extrinsic pathway of apoptosis. 35, 41 The over-expression of BRE has also been described in tissues of HCCs. BRE is an anti-apoptotic protein which binds to the cytoplasmic domains of tumor necrosis factor and FAS, in such fashion attenuating apoptosis. 35, 41, 45, 47 TRAIL selectively induces apoptosis in a variety of transformed cell lines, but almost never in normal tissues. In most cases, HCC cells express TRAIL protein and mRNA, and some data indicate that most of the HCC cells are insensitive to TRAIL-mediated apoptosis. 35, 47 Overexpression of survival signaling pathways by HCC cells is itself an obstacle to apoptosis. Some activators of autocrine signals such as EGF receptor (EGFR) ligands, can protect primary liver tumors cells from apoptosis induced by stress, by physiological factors or pro-apoptotic drugs. Further, deregulation of growth factors signaling pathways including EGF pathways and IGF-1 has been well established in human HCCs. The P60C-src is also overexpressed in HCC cells, protecting these cells from death stimuli and inhibiting their sensitivity to TRAIL. 35, 48 The PI3K/AKT signaling pathway is also modified in HCC cells, and PTEN gene expression is absent or else present in a very residually form in more than half of these types of tumors. 35, 41, 49 Thus, there are numerous molecular alterations that contribute to apoptosis resistance observed in HCCs. However, it is noted that most of the observed genetic alterations lead to deregulation in the balance on the expression of pro and anti-apoptotic proteins of the BCL-2 family. More specifically it is known that the expression of pro-apoptotic members of this family such as BAX or BCL-XS is decreased in liver tumors with P53 mutations. This finding greatly strengthens the role that BCL-2 family proteins as well as the tumor suppressor gene TP53 have in HCC development and response to therapy, indicating that new therapeutic strategies based on these genes and/or proteins, can be extremely useful in the treatment of this type of tumor.
Treatment
Among the therapeutic options, liver transplantation is the most effective therapy because it allows simultaneous treatment of cancer and associated liver disease. However, only about 5% of patients can benefit from this therapy, since among other obstacles are the compatibility and the availability of organs. Furthermore, transplantation can only be applied to patients with HCC in the initial stage of decompensated cirrhosis. According to the Milan criteria, transplantation is usually performed only in patients with isolated tumors smaller than 5 cm, or up to three nodules smaller than 3 cm. 50, 51 However, after transplantation in addition to possible organ rejection other complications such as viral reinfection may occur, and in 50% of cases 5 years after transplantation patients develop cirrhosis. [52] [53] [54] [55] Surgical resection by partial hepatectomy is also a curative therapeutic option. However, this surgical procedure is only feasible in patients without associated major liver disease (Child-Pugh score B and C or model for end-stage liver disease >10). The survival rate of patients undergoing this therapy is between 60% and 70% after 5 years, however the high rate of the disease recurrence is the main disadvantage of the partial liver resection. The recurrence rate may be due to the formation of a new HCC, or the presence of microvascular invasion or satellite nodules. [51] [52] [53] [54] [55] Although surgical treatment modalities provide the best results, the majority of patients at diagnosis may not benefit from these therapeutic options. In this case, the treatment options most frequently used are radiofrequency, alcoholization or chemoembolization. These techniques are performed with imaging control, and its maximum efficiency is for nodules less than 3 cm of diameter, for which the complete response rate is around 80%. However, these techniques also imply disadvantages, whereby a high number of recurrences has to be emphasized. [52] [53] [54] [55] [56] Specifically transarterial chemoembolization involves injection of a cytotoxic drug combined with lipiodol, for example, or with microspheres followed by embolization with the use of absorbable particles, allowing high doses of local chemotherapy, which in turn leads to reduction rate of tumor progression, with objective responses between 16% and 55% of patients. 16, 53, [56] [57] [58] Finally, although with disappointing results there are systemic chemotherapy and radiotherapy. However, due to poor results, its use is controversial and only applicable in the context of palliative treatment. With respect to chemotherapy, HCC is usually classified as a highly chemoresistant tumor, with minimal efficacy of systemic chemotherapy. Nevertheless, taking into account that the vast majority of patients cannot take advantage of the potentially curative therapies described above, conventional chemotherapy is still used in a palliative treatment form for the purpose of attenuating the symptoms resulting from the disease and improving the patients quality of life. Among the drugs used in systemic chemotherapy for HCC treatment, doxorubicin is one of the most used, although only a partial response is observed in less than 10% of patients and it does not increase overall survival. On the other hand, the administration of 5-fluorouracil in combination therapy is controversial, although it is defended by some authors. Cisplatin equally continues to be used in the treatment of this neoplasia, either alone or in combination therapy. 9, 42, 59 Besides the mentioned drugs, the therapeutic efficacy of other drugs often used in chemotherapy such as mitoxantrone, placlitaxel, irinotecan, gemcitabine and capecitabine, both alone and in combination have been studied in HCC treatment. However, the results obtained are equally disappointing. 43, 44, 60 Regarding radiotherapy, it plays a minor role in HCC treatment, although it can be also used. The liver and its primary tumors are highly radioresistant, which leads to the ineffectiveness of this type of treatment. Additionally, the molecular heterogeneity of hepatic tumors, as well as the expression of the P53 gene and other genes and/or proteins involved in cell death and proliferation pathways might provide the basis for the development of resistance and/or sensitivity towards radiation. 61, 62 So today, the beam radiation therapy for HCC is usually limited to palliative treatment of metastasis of HCC. 63 Nevertheless, given the technological advances the use of radiotherapy (in its various forms) for treatment of advanced HCC has been growing, with promising results. Internal radiation therapy with Yttrium-90 ( 90 Y) (radioembolization) has been increasingly used in the treatment of unresectable HCC by injecting microspheres via the hepatic artery. The arterial administration of 90 Y beads allows localized application of high doses of radiation in HCC cells with sparing of adjacent normal tissues. 63 Similarly other radioisotopes have also been used in the treatment of HCC. Are examples Holmium-199 ( 199 Ho) in chitosan complex and Iodine-131 ( 131 I) as 131 I-lipiodol. 32, 63 More recently, the development of more advanced technologies such as stereotactic body radiotherapy (SBRT) has introduced new hope for the treatment of HCC using radiation. The SBRT is a technique that uses multiple beams forming to deliver high doses of radiation with a rapid fall-off beyond the target volume. The molecular mechanisms underlying cell death induced by SBRT are not yet fully known but it is believed that in addition to DNA damage and cell death been observed in fractional conventional radiotherapy, high doses of radiation resulting from this technique also results in an ablative effect tumor through a vascular injury. 63, 64 The development of specific therapies for some molecular targets came to provide major advances in cancer therapy. 65, 66 One of the signaling pathways that is often deregulated in solid tumors, including HCC is, as already referenced, the RAF-MEK-ERK/MAPK pathway. Several studies have sought to develop a molecule that interferes with this target, which led to the discovery of sorafenib in 1990. Later it was found that sorafenib acts not only on the tumor itself, but also in the microvasculature and is therefore considered a double-acting multikinase inhibitor.
Review
Namely, it is now known that this drug inhibits cell proliferation through a strong inhibition of serine/threonine kinases RAF, more particularly the RAF-1, the RAF-B wild type, the RAF-B oncogenic V600E the MAPK signaling pathway (Figure 3) . Moreover, this drug inhibits in a highly effective way the pro-angiogenic VEGF receptors (VEGFR)-1, VEGFR-2, VEGFR-3 and the platelet-derived growth factor receptorb 65, 66 In parallel, it has been shown that the sorafenib is capable of inducing apoptosis in a wide variety of tumor cell lines, though the mechanism underlying this induction is not yet fully understood. It is known however that sorafenib inhibits the phosphorylation of eIF4E which results in decreased expression of anti-apoptotic protein MCL-1. In turn, the sub-expression of MCL-1 induces the release of cytochrome c from the mitochondria to the cytoplasm, which in turn activates caspases and induces apoptotic cell death. 65, 66 In effective terms, sorafenib was approved by the U.S. Food and Drug Administration for the treatment of metastatic renal cell carcinoma in December 2005, obtaining authorization for marketing by the European Union for the same pathology in the following year. 67 Later it was also approved for the treatment of HCC and metastatic differentiated thyroid carcinoma resistant to metabolic radiotherapy with 131 I. 67 Similar to what happens with other drugs used in the treatment of cancer also treatment with sorafenib may induce some adverse effects of which the main ones are: hand-foot skin reaction, rash/desquamation, dyspepsia, diarrhea, fatigue, hypertension, thromboembolic and cardiac ischemic events. 67 Regarding HCC, this type of tumor is markedly hypervascular and several studies have demonstrated the existence of a VEGFR overexpression in human HCC samples. 68 However, although it appears that the sorafenib mechanism of action in HCC is at the vascularization level, it should not be taken as a single because there are studies that highlight the role of sorafenib on RAF pathway inhibition in the HCC treatment. 69, 70 It is now known that both RAF/MEK/ERK signaling cascade as angiogenesis play critical roles in the HCC development and, therefore, in this kind of tumor, sorafenib can act both at the level of cancer cell, either at the level of neovascularization (Figure 3) . 65, 66, 70 However, even if treatment with sorafenib is currently regarded as the best option in HCC, it is only able to prolong patients' survival for a couple of months.
In the era of targeted therapies, the effect of various other drugs in the treatment of HCC has been widely studied. Examples are drugs that act on angiogenesis, such as sunitinib, brivanib, linifanib, vatalanib, TSU-68, cediranib, bevacizumab and ramucirumab. 71 Furthermore were also conducted with cetuximab (anti-EGFR antibody) with erlotinib and lapatinib (EGFR inhibitors) with selumetinib (MEK ½ competitive inhibitor), with everolimus (inhibitor of mTOR) and with tivantinib (c-MET inhibitor). 71 Also multikinase inhibitors been the subject of intensive study with respect to the treatment of HCC, examples are nintedanib and regorafenib. 71 Although some studies with these drugs have already arrived clinical trials in phases II and III, the reality is that to date none of them proved to be quite effective in the treatment of HCC. 71 So the reality is that the prognosis of HCC patients remains bleak. Thus, new therapeutic targets as well as new drugs and/or therapeutic modalities are urgently needed, allowing us to more effectively combat this complicated type of tumor.
Conclusions
Nowadays, HCC should be considered a problem of global importance. Due to the lack of a timely diagnosis, the majority of HCC patients will most likely not be able to benefit from surgical treatments (total or partial hepatic resection), therefore being conducted to other therapeutic modalities. However, at the genetic level HCC cells are described as having significant variations in several chromosomes, leading to mutations in genes that are normally involved in apoptosis, such as TP53. This genetic instability makes HCC commonly resistant to the surgery alternatives, such as radiation and chemotherapy and in this sense, these treatments in this type of tumor, when used, have only a palliative nature. More recently, a widespread use of sorafenib as double-acting multikinase inhibitor for the treatment of HCC has been introduced. However, even sorafenib treatment allows only the increase of patients' survival in a few months. Thus, the incidence and mortality from HCC have very similar values, leading to an urgently searching need for new forms of diagnosis and treatment of HCC.
